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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. ^ 

2. **** shows the word which can not be translated; 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] Positive active material for lithium secondary batteries containing the surface- 
preparation layer containing the hydroxide containing the oxide or the coating element containing 
the coating element formed on the core containing the lithium compound which forms the 
aggregated particle whose one or more primary particles whose average grain size is 1 thru/or 3 
micrometers are assemblies, and whose average grain size is 1 micrometers or more less than 10 
micrometers, and said core, oxy-hydroxide, oxy-carbonate, hydroxy carbonate, or such mixture. 
[Claim 2] Positive active material for lithium secondary batteries according to claim 1 which is 
one or more compounds chosen from the group which said lithium compound becomes from the 
following chemical formula 1 thru/or 11. 
[Formula 1] 

L 1 xMn i-yM T y A* Mb^SC 1 ] 

LisMni-yM* y 0 2 -.X, [ft^2] 
L i xMu 2 04-«At Ut¥&3] 
L i *Mn2-yM* y A 4 MM^4] 

L i X Ml-yM" y Az 

L i xMOa-.A, .MM*SC6] 

LuNl i- y COy0 2 -«A, MM*SC7] 

LUNi i-y-,Co y M" .A« [fl^a;8] 

LixNi i- y -.CoyM" ,0 2 -.X 0 [ffc#o£9] 

L i xN i i-y-,MnyM' .A« [ffc#5£ 1 0] 

L i xN i l-y-iMriyM' .O 2 -«X 0 [ft^ll] 

(In said formula, it is 0.95<=x<=1.1, 0<=y<=0.5, 0<=z<=0.5, and 0< alpha<=2.) M is nickel or Co. M' 
aluminum, nickel, Co, Cr, Fe, Mg, Sr, V, Sc, Y, La, Ce, Pr, Nd, Pm, Sm, They are one or more 
elements chosen from the group which consists of Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Ac, Th, 
and Pa. M" aluminum, Cr, Mn, Fe, Mg, Sr, V, Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, 
It is one or more elements chosen from the group which consists of Tm, Yb, Lu, Ac, Th, and Pa, 
A is an element chosen from the group which consists of O, F, S, and P, and X is an element 
chosen from the group which consists of F, S, and P. 

[Claim 3] Said coating element is positive active material for lithium secondary batteries 
according to claim 1 which is the element chosen from the group which consists of Mg, 
aluminum, Co, K, Na, calcium, Si, Ti, V, germanium, Ga, B, As, and Zr. 

[Claim 4] The content of the coating element in said surface-preparation layer is positive active 
material for lithium secondary batteries according to claim 1 which is 2x10-5 thru/or 1 % of the 
weight to positive active material. 

[Claim 5] The content of the coating element in said surface-preparation layer is positive active 
material for lithium secondary batteries according to claim 4 which is 0.001 thru/or 1 % of the 
weight to positive active material. 

[Claim 6] The manufacture approach of the positive active material for lithium secondary 
batteries including the phase which coats with an organic solution or water solution including the 
source of a coating element the lithium compound with which the average grain size assembled 
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by one or more primary particles whose average grain size is 1 thru/or 3 micrometers was 
formed by 1 -micrometer or more aggregated particle it is [ aggregated particle ] less than 10 
micrometers, and the phase which heat-treats said compound by which coating was carried out. 
[Claim 7] The manufacture approach of the positive active material for lithium secondary 
batteries according to claim 6 which is one or more compounds chosen from the group which 
said lithium compound becomes from the following chemical formula 1 thru/or 1 1 . 
[Formula 2] ' 
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.o 2 - 
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(In said formula, it is 0.95<=x<=1.1, 0<=y<=0.5, 0<=z<=0.5, and 0< alpha<=2.) M is nickel or Co. M' 
aluminum, nickel, Co, Cr, Fe, Mg, Sr, V, Sc. Y, La, Ce, Pr, Nd. Pm, Sm, They are one or more 
elements chosen from the group which consists of Eu, Gd, Tb T Dy, Ho, Er, Tm, Yb, Lu, Ac, Th, 
and Pa. M" aluminum, Cr, Mn, Fe, Mg, Sr, V, Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, 
It is one or more elements chosen from the group which consists of Tm, Yb, Lu, Ac, Th, and Pa, 
A is an element chosen from the group which consists of O, F, S, and P, and X is an element 
chosen from the group which consists of F, S, and P. 

[Claim 8] The concentration of the source of a coating element in said organic solution or a 
water solution is the manufacture approach of the positive active material for lithium secondary 
batteries according to claim 6 which is 0.1 thru/or 50 % of the weight 

[Claim 9] The concentration of the source of a coating element in said organic solution or a 
water solution is the manufacture approach of the positive active material for lithium secondary 
batteries according to claim 8 which is 1 thru/or 20 % of the weight. 

[Claim 10] Said heat treatment process is 1 thru/or the manufacture approach of the positive 
active material for lithium secondary batteries according to claim 6 enforced for 1 5 hours at 300 
thru/or the temperature of 800 degrees C under air or an oxygen ambient atmosphere. 
[Claim 1 1] Said coating process is the manufacture approach of the positive active material for 
lithium secondary batteries according to claim 6 of pouring a lithium compound, and an organic 
solution or water solution including the source of a coating element into a mixer, making it 
increasing continuously and carrying out temperature in said mixer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the positive active 
material excellent in thermal stability, and its manufacture approach in more detail about the 
positive active material for lithium secondary batteries, and its manufacture approach. 
[0002] 

[Description of the Prior Art] A lithium secondary battery uses reversibly the matter in which 
insertion and desorption of a lithium ion are possible as a positive electrode and a negative 
electrode, fills up with and manufactures the organic electrolytic solution or the polymer 
electrolytic solution between said positive electrodes and negative electrodes, and generates 
electrical energy by the oxidation when a lithium ion inserting / ****ing with a positive electrode 
and a negative electrode, and the reduction reaction. 

[0003] Although the lithium metal was used as a negative-electrode active material of a lithium 
secondary battery, when using a lithium metal, carbon system matter, such as amorphous carbon 
or crystalline substance carbon, is substituted instead of being a lithium metal since there is risk 
of explosion by the short circuit of the cell by formation of a dendrite. Especially, by recently, in 
order to make the capacity of the carbon system matter increase, it is manufacturing by the 
graphite (BOC) by which added boron to the carbon system matter and boron coating was 
carried out to it. 
[0004] 

[Problem(s) to be Solved by the Invention] a chalcogenide compound uses as positive active 
material — having — **** — as the example — LiCo02 and LiMn2 — 04, LiNi02, and LiNM- 
multiple oxides, such as xCox02 (0< x<1) and LiMn02, are studied, the inside LiMn2 of said 
positive active material — although it is the attractive matter since Mn system positive active 
material, such as 04 and LiMn02, is easy to compound, its price is alike and cheap and there is 
also little fear of contamination over an environment, it has the demerit in which there is little 
capacity. Although LiCo02 is typical positive active material which shows good electrical 
conductivity, high cell voltage, and the outstanding electrode characteristic, quotient-business- 
turns and is marketed in current Sony, it has the demerit of being expensive. Although LiNi02 
has the cheapest price among the positive active material which made reference above and it 
has the cell property of the highest discharge capacity, the demerit in which it is difficult to 
compound is held. 

[0005] In this, LiCo02 is mainly used as positive active material, about 1 thru/or LiCo1-xAlx02 
doped 5% of the weight were developed for aluminum 203 in Sony recently, and LiCo02 which 
doped Sn02 was developed at A&TB. 

[0006] The lithium secondary battery which consisted of the positive electrodes and negative- 
electrode active materials which were mentioned above can be classified into a lithium ion 
battery, a lithium ion polymer battery, and a lithium-polymer battery according to the class of 
the separator to be used and electrolyte. A lithium ion battery says the cell which uses porous 
polypropylene / polyethylene film as a separator, and uses the organic solvent of a carbonate 
sequence in which lithium salt was dissolved as an electrolyte. Since that into which said organic 
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solvent was infiltrated is used for the polymer base material of porous Si02 etc. and a fluoride 
poly vinylidene sequence and this electrolyte also makes the role of a separator it as an 
electrolyte, a lithium ion polymer battery does not need to use a special separator. Moreover, a 
lithium-polymer battery says the cell Which uses the mineral matter or the organic substance of 
S02 sequence which has lithium ion conductivity pure as an electrolyte. 

[0007] As a gestalt of the lithium secondary battery of said configuration, there are a cylindrical 
shape, a square shape, a coin form, etq: If a rechargeable lithium-ion battery is explained as an 
example, after a cylindrical shape cell will carry out the lap winding of the separator to a positive 
electrode and a negative electrode, will manufacture the group of electrode of a spiral form like a 
roll cake and will put this group of electrode into a cylindrical shape cell case, it says the cell 
which poured in the electrolytic solution. A square shape cell says the cell which put said group 
of electrode into the square shape cell case, and manufactured it, and a coin form cell says the 
cell which put said group of electrode into the coin form cell case, and manufactured it. 
Moreover, it is distinguishable on the cell and pouch cell which used the can of steel or aluminum 
quality of the material according to the quality of the material of a case. A can cell says things, 
although said cell case was manufactured with steel or the thin plate of aluminum, and it is a cell 
which put said group of electrode into the quality of the material with the flexible thickness of 
less than 1 mm which consists of multilayer structure like a vinyl bag, and was manufactured, and 
a pouch cell has the thin thickness of a cell compared with a can cell, and says the cell which 
has flexible structure. 

[0008] As for such a lithium secondary battery, research for electronic equipment to develop a 
miniaturization, and high capacity and the cell excellent in which long lasting electrochemical 
property increasingly recently as it is lightweight-ized is advanced. 

[0009] This invention is for solving the trouble mentioned above, and the purpose of this 
invention is to offer the positive active material for lithium secondary batteries the cycle-life 
property and whose discharge potential property improved. 

[0010] Other purposes of this invention are to offer the manufacture approach of said positive 

active material for lithium secondary batteries. 

[0011] 

[Means for Solving the Problem] In order to attain the purpose of said this invention, this 
invention The core in which the average grain size in which average grain size is assembled and 
formed by one or more primary particles which are 1 thru/or 3 micrometers contains the lithium 
compound which has 1 -micrometer or more less than 1 0-micrometer aggregated particle, And 
[ whether the oxide containing the coating element by which coating was carried out on said 
core is included, and ] Or the hydroxide, oxy-hydroxide (oxyhydroxide) containing a coating 
element, The positive active material for lithium secondary batteries containing the surface- 
preparation layer containing oxy-carbonate (oxycarbonate), hydroxy carbonate 
(hydroxycarbonate), or such mixture is offered. 

[0012] Moreover, the average grain size in which average grain size is assembled and formed as 
the manufacture approach of said positive active material by one or more primary particles which 
are 1 thru/ or 3 micrometers coats with an organic solution or a water solution (henceforth, 
coating solution) including the source of a coating element (coating-element source) the lithium 
compound which has 1 -micrometer or more aggregated particle it is [ aggregated particle ] less 
than 10 micrometers, and this invention offers the manufacture approach of the positive active 
material for lithium secondary batteries including the process which heat-treats said compound 
by which coating was carried out. 
[0013] 

[Embodiment of the Invention] Hereafter, this invention is further explained to a detail. 
[0014] The positive active material for lithium secondary batteries of this invention is assembled 
by one or more primary particles whose average grain size is 1 thru/or 3 micrometers, it is 
formed, and average grain size contains the surface treatment layer containing the hydroxide 
which contains a coating element, including the oxide containing the coating element formed on 
the core containing the lithium compound which has 1 -micrometer or more aggregated particle it 
is [ aggregated particle ] less than 10 micrometers, and said core, oxy-hydroxide, oxy-carbonate, 
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hydroxy carbonate; or such mixture. 

[0015] The lithium compound which constitutes the core of the positive active material of this 
invention consists of aggregated particles whose average grain size which it comes to assemble 
by one or more primary particles whose average grain size is 1 thru/or 3 micrometers is 1 
micrometers or more less than 10 micrometers. In this specification, a primary particle says the 
thing of the particle of a small unit, and an aggregated particle says the thing one or more 
primary particles were assembled for and solidifying (mass). 

[0016] In the positive active material of this invention, there is no large semantics in the average 
grain-size conditions of a primary particle, and the average grain-size conditions of an 
aggregated particle are important. When using what has an average grain size of an aggregated 
particle smaller than 1 micrometer, there is a trouble that produce a problem in the reaction rate 
of Li+, thermal stability worsens, and the safety of a cell system becomes brittle, and what is 10 
micrometers or more is [ a trouble that capacitance characteristics worsen on high conditions ] 
and is not desirable. 

[0017] One or more compounds chosen from the group which consists of the following chemical 
formula 1 thru/or 11 as said lithium compound can be used preferably. Lithium-cobalt 
chalcogenide, lithium-manganese chalcogenide, lithium-nickel chalcogenide, or a lithium-nickel- 
manganese chalcogenide compound can be used for this invention still more preferably among 
these compounds. 



(In said formula, it is 0.95<=x<=1.1, 0<=y<=0.5, 0<=z<=0.5, and 0< alpha<=2.) M is nickel or Co. M' 
aluminum, nickel, Co, Cr, Fe, Mg, Sr, V, Sc, Y, La, Ce, Pr, Nd, Pm, Sm, They are one or more 
elements chosen from the group which consists of Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Ac, Th, 
and Pa. M" aluminum, Cr, Mn, Fe, Mg, Sr, V, Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, 
It is one or more elements chosen from the group which consists of Tm, Yb, Lu, Ac, Th, and Pa, 
A is an element chosen from the group which consists of O, F, S, and P, and X is an element 
chosen from the group which consists of F, S, and P. 

As for the coating element of said surface-preparation layer, it is desirable that it is the element 
chosen from the group which consists of Mg, aluminum, Co, K, Na, calcium, Si, Ti, V, Ga, 
germanium, B, As, and Zr. 

[0019] As for the content of the coating element in said one or more surface-preparation layers, 
it is desirable that they are 2x10-5 thru/or 1 % of the weight to positive active material, and it is 
still more desirable that they are 0.001 thru/or 1 % of the weight. 

[0020] The positive active material of this invention has high exoergic temperature, its calorific 
value is small, and thermal stability is excellent. 

[0021] According to one example of this invention, said surface treatment layer of said core is 
aluminum 203 including a lithium-cobalt chalcogenide compound. Moreover, as for said core, 
according to other examples, as for said surface treatment layer, boron contains the contained 
oxide including a lithium-manganese chalcogenide compound or a lithium-cobalt chalcogenide 
compound. 

[0022] Hereafter, the manufacture approach of the positive active material of this invention is 



[0018] 



[Formula 3] 

L i xMn i-yM* y Az 

L ixMni-yM* yOz-.X* 

L i xMn 2O4-* At 

L i xMn 2-yM* y Aa 

L i *Mi- y M" y Az 

L i .MO2-A. 

L i xN i i-yCOy0 2 -«A, 

LUNi i-y-,C OyM" .A, 

L 1 xN 1 t-y-,C OyM" ,02-aXa 

L liNi i- y -iMn y M' ,A« 
LixNi i-y-»Mn y M f ,0 2 -aX« 



at^x 1 ] 

[fb^5S3] 
[fc^iU] 

l<k¥A 9 ] 
MMfcsti 0] 
[fls«l l] 
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explained to a detail. 

[0023] A lithium compound is coated with a coating solution including the source of a coating 
element. 

[0024] It can be made to be able- to dissolve in an organic solvent or water, and an organic 
solution including said source of a coating element can manufacture the source of a coating 
element, or makes this mixture flowrback and can manufacture it. Said source of an organic 
element contains a coating element or a coating element content alkoxide, a salt, or an oxide. 
The gestalt of the suitable coating element dissolved in an organic solvent or water can be 
chosen by the usual knowledge of this field. For example, if the alkoxide, the salt, or oxide which 
contains a coating element or a coating element when an organic solvent is used can be used as 
a coating element and water is used as a solvent, the salt or oxide containing a coating element 
can be used. Moreover, it can be made to be able to dissolve in an organic solvent or water, and 
the coating solution which contains boron, for example can manufacture HB [2 ] (OH) B-2 03 
H3B03, etc. 

[0025] As a coating element used at the time of manufacture of said coating solution, each thing 
which can be dissolved in an organic solvent or water can be used, and has Mg, aluminum, Co, K, 
Na, calcium, Si, Ti, V, Sn, germanium, Ga, B, As, or Zr as the typical example. 
[0026] There are alcohol like a methanol, ethanol, or isopropanol as an usable organic solvent, a 
hexane, chloroform, a tetrahydrofuran, the ether, a methylene chloride, an acetone, etc. at the 
time of manufacture of the organic solution which includes the source of coating among said 
coating solutions. 

[0027] There is a coating element content alkoxide as a typical example of the organic solution 
containing said coating element. It can flow back and this can be manufactured, or it can be 
made to be able to dissolve in alcohol and said alkoxide solution can also manufacture the 
alkoxide which is made to dissolve said coating element in alcohol like a methanol, ethanol, or 
isopropanol, and contains a coating element like a methoxide, ethoxide, or isopropoxide. There is 
a tetraethyl alt.silicate solution which dissolved in ethanol and manufactured the tetraethyl 
alt.silicate (tetraethylorthosilicate:TEOS) solution or silicate marketed as an Si alkoxide solution 
as an example of the alkoxide solution of such a coating element. 

[0028] There are a salt of the coating element which can be used at the time of manufacture of 
the water solution which contains a coating element among said coating solutions or a banazin 
san salt like an ammonium vanadate (NH4 (V03)) as a typical example of the oxide of a coating 
element, a vanadium oxide (V205), etc. 

[0029] With a coating solution, the concentration of a coating element is 0.1 thru/or 50 % of the 
weight at an organic solution or a water solution, and is 1 thru/or 20 % of the weight still more 
preferably. If the concentration of said coating element is lower than 0.1 % of the weight, the 
effectiveness which coats a lithium compound with said coating solution will not show up but the 
concentration of said coating solution will exceed 50 % of the weight, the thickness of a coating 
layer becomes too much thick and is not desirable. 

[0030] Thus, the average grain size in which average grain size is assembled and formed with the 
prepared coating solution by one or more primary particles which are 1 thru/or 3 micrometers 
coats the lithium compound which has 1 -micrometer or more aggregated particle which is less 
than 10 micrometers. 

[0031] Said lithium compound contains one or more aggregated particles. The mean particle 
diameter of said aggregated particle is 1 micrometers or more less than 10 micrometers, and it 
comes to assemble said aggregated particle by one or more primary particles whose mean 
particle diameter is 1 thru/or 3 micrometers. 

[0032] as said coating approach — the sputtering method and CVD (Chemical Vapor Deposition) 
although the general-purpose coating approaches, such as law and a DIP coating method, can 
be used, it is desirable to use the DIP coating method which dips powder in a coating solution 
and takes it out simply as simplest coating method, the mixture which said DIP coating method 
mixed the lithium compound with the coating solution (mixed process), and was obtained to a 
solution removing — after (solution removal process), ordinary temperature, or the 
temperature of 200 degrees C — 1 — or it dries for 24 hours. The manufactured product 
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contains the coating layer containing the hydroxide formed on the core containing a lithium 
compound, and this core, oxy-hydroxide, oxy-carbonate, hydroxy carbonate, and such mixture. 
The obtained product can be used as positive active material. 

[0033] Or said coating prddess can also be carried out at the unification process (one-shot 
process) which can carry out a mixed process, a solvent removal process, and a desiccation 
process with one container. Ite is possible to be able to reduce manufacture costs, since said 
unification process is very easy, and to form a uniform surface treatment layer in a core. 
[0034] It is as follows when said unification process is explained in more detail. 
[0035] The temperature of said mixer is made to increase, feeding said coating solution and said 
lithium compound into a mixer, and stirring them. Moreover, Flushing (flushing) gas can be poured 
into said mixer. Said Flushing Guth promotes volatilization of said solvent with said coating 
solution, and plays the role which emits the gas which exists in said mixer. Inert gas, such as 
nitrogen gas or argon gas, is desirable as gas which has neither 0O2 nor moisture as said 
Flushing Guth. Or it is also possible to maintain a vacua instead of said Flushing insufflation, and 
to carry out said unification process. 

[0036] While a coating solution can often be mixed with a lithium compound as said mixer, there 
is no special constraint that what is necessary is just to be able to raise temperature. 
[0037] Within said mixer, coating of said lithium compound is carried out with a coating solution, 
and the remaining coating solution evaporates by an increment and stirring of an outside 
temperature, and is removed. Therefore, said unification process can move the compound by 
which solution coating was carried out to other containers (tray), and can carry out two 
processes of carrying out a desiccation process on this tray, within one container by one 
continuous process. 

[0038] If said unification process is carried out, since a desiccation process can be carried out 
to a coating process and coincidence, it is not necessary to carry out a desiccation process 
separately. 

[0039] the lithium compound powder with which coating of the coating solution was carried out - 
- 300 thru/or 800 degrees C — 5 — or it heat-treats for 1 5 hours. In order to manufacture a 
still more uniform crystalline active material, as for said heat treatment process, it is desirable to 
carry out dry air or oxygen under the conditions which carry out flowing (flowing). Since coating 
excellent in ion conductivity will not be formed at this time if heat treatment temperature is 
lower than 300 degrees C, migration of a lithium ion may receive active jamming. Moreover, if 
said heat treatment temperature is higher than 800 degrees C, the active material which desired 
equivalent ratio is not obtained but has a problem in the crystal structure is compounded by Li 
evaporation, and there is an inclination which is not desirable. 

[0040] Said coating solution changes to a coating element content oxide by said heat treatment 
process, and the active material with which coating of the oxide (surface-preparation layer) with 
which the average grain size assembled and formed by one or more primary particles whose 
average grain size is 1 thru/or 3 micrometers contains a coating element on the front face of 
the lithium compound which has 1 -micrometer or more aggregated particle it is [ aggregated 
particle ] less than 10 micrometers was carried out is manufactured. 

[0041] The surface-preparation layer formed on the surface of the active material contains the 
element originating in the element and coating solution of said lithium compound. For example, 
after coating LiCo02 with an aluminum alkoxide solution, if it heat-treats, the positive active 
material by which surface treatment was carried out with the compound metallic oxide of cobalt 
and aluminum and/or the oxide of aluminum can be obtained. 

[0042] Said coating and heat treatment process are carried out using one or more coating 
solutions, and one or more coating elements can be contained in one coating layer. Moreover, it 
can heat-treat and a double layer can also be formed, after coating the 2nd order with the 2nd 
organic solution or water solution which heat-treats and subsequently contains one or more 
coating elements after coating the 1st order with the 1st organic solution or water solution 
containing one or more coating elements. It coats and heat-treats 3 times or more one by one 
with one or more coating solutions, and three or more can be the surface treatment layer. 
[0043] The average grain size which circulates commercially can also assemble and use what is 



http:/ / www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgLejje 



2007/05/24 



• JP.2002-158011.A [DETAILED DESCRIPTION] 



6/11 ^— v 



1 thru/or 3 micrometers, the lithium compound used by this invention can also assemble and use 
this, after sorting out that whose average grain size is 1 thru/or 3 micrometers among the 
compounded lithium compound powder, and it is possible also for mixing and using these lithium 
compounds. 

[0044] The synthetic approach of said lithium compound is as follows. It mixes first as the 
equivalent ratio of a request of lithium salt and the salt of other elements. If used for generally 
manufacturing the positive;active material for manganese system lithium secondary batteries as 
said lithium salt, either can be used and there are a lithium nitrate, an acetic-acid lithium, a 
lithium hydroxide, etc. as the typical example. As a salt of an element besides the above, 
manganese salt, cobalt salt, nickel salt, or nickel manganese salt can be used. 
[0045] Manganese acetate, a manganese dioxide, etc. can be used as said manganese salt, and 
cobalt oxide, a cobalt nitrate, or cobalt carbonate can be used as said cobalt salt. Moreover, as 
nickel salt, nickel hydroxide, nickel nitrate, or nickel acetate can be used. Said nickel manganese 
salt can use what nickel salt and manganese salt were settled by the coprecipitation approach, 
and was manufactured. It is also possible to settle a fluorine salt, a sulfur salt, or microcosmic 
salt as a salt of other elements with manganese salt, cobalt salt, nickel salt, or nickel manganese 
salt. Manganese fluoride, lithium fluoride, etc. can be used as said fluorine salt, and manganese 
sulphide, a sulfuration lithium, etc. can be used as said sulfur salt. H3P04 can be used as said 
microcosmic salt. Said manganese salt, cobalt salt, nickel salt, nickel manganese salt, a fluorine 
salt, a sulfur salt, and microcosmic salt are not necessarily restricted to said compound. 
[0046] In order to be able to use for example, mortar grinder mixing and to promote the reaction 
of lithium salt and the salt of other elements at this time, as for a mixed approach, it is desirable 
to carry out mortar grinder mixing until it adds suitable solvents, such as ethanol, a methanol, 
water, and an acetone, and a solvent is almost lost. 

[0047] the obtained mixture — the temperature of about 400 thru/or 600 degrees C — 1 
thru/or 5-hour primary — heat-treating — a quasicrystal — description — the lithium 
compound precursor powder of voice is manufactured. If said primary heat treatment 
temperature is lower than 400 degrees C, there is a trouble that the reaction of lithium salt and 
the salt of other elements is not enough. Moreover, after drying the precursor powder heat- 
treated and manufactured, it is also possible to re-mix said precursor powder in ordinary 
temperature, and to distribute lithium salt over homogeneity, carrying out flowing of the dry air 
after a heat treatment process. 

[0048] the obtained quasicrystal nature precursor powder — the temperature of 700 thru/or 900 
degrees C — about 10 — or the 2nd order is heat-treated for 1 5 hours. If secondary heat 
treatment temperature is lower than 700 degrees C, there is a trouble that a crystalline 
substance is hard to be formed. Under the conditions which carry out flowing, the temperature 
up of dry air or the oxygen is carried out the rate for 1 thru/or 5-degree-C/ ( and said heat 
treatment process carries it out, and is the nature after [ fixed ] carrying out time amount 
maintenance at each heat treatment temperature. It consists of cooling. 
[0049] Next, it is desirable to re-mix the powder of the manufactured lithium compound in 
ordinary temperature, and to distribute lithium salt over homogeneity further. 
[0050] The lithium compound powder whose average grain size of a primary particle is 1 thru/or 
3 micrometers among the lithium compound powder manufactured by said approach is 
assembled, and average grain size forms 1 -micrometer or more aggregated particle it is 
[ aggregated particle ] less than 10 micrometers. 

[0051] Next, an example desirable for an understanding of this invention is shown. However, it is 
not provided in order that the following example may understand this invention more easily, and 
this invention is not necessarily restricted to the following example. 
[0052] 

[Example] (Example 1) aluminum-isopropoxide solution which adds aluminum-isopropoxide 
powder to ethanol and has concentration 5% of the weight was manufactured. 
[0053] It adds in said aluminum-isopropoxide solution, and it stirs with an agitator, covering 
[ whose mean particle diameter of the aggregated particle in which mean particle diameter 
assembled and formed the primary particle which is 1-3 micrometers is 5 micrometers / 
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LiCo02 / 100g ] it for about 10 minutes, and coating of said aluminum-isopropoxide solution was 
made to be carried out to the front face of LiCo02 powder equally. Thus, after leaving the 
manufactured slurry for about 30 minutes and separating a slurry and aluminum-isopropoxide 
solution, aluminum-isopropoxide solution was removed and only the slurry was put into the 
furnace for heat treatment. 

[0054] After heat-treating [ in / with flowing / 500 degrees C ] dry air with 3-degree-C 
programming rate format said furnace for 10 hours, the positive active material for lithium 
secondary batteries with which it was made to cool in a furnace and the aluminum oxide layer 
was formed in the front face was manufactured. 

[0055] After measuring the positive active material, super P carbon electric conduction material, 
and fluoride poly vinylidene binder which were manufactured by the weight ratio of 94:3:3, it 
added to N-methyl pyrrolidone solvent and the positive-active-material slurry was 
manufactured. After hardening this slurry on aluminum-foil and drying, it pressed and the 
positive-electrode plate was manufactured. 

[0056] The fluoride poly vinylidene binder was mixed with MCF (mesocarbon fiber) by the weight 
ratio of 96:4 as a negative-electrode active material, it added to N-methyl pyrrolidone solvent, 
and the negative-electrode active material slurry was manufactured. After hardening this 
negative-electrode active material slurry on Cu-foil and drying, it pressed and the negative- 
electrode plate was manufactured. 

[0057] The lithium ion battery of a square shape was manufactured by the usual approach using 
said positive-electrode plate and the negative-electrode plate. At this time, it is 1 M as the 
electrolytic solution. The mixed solvent of the ethylene carbonate in which LiPF6 was dissolved 
dimethyl carbonate, and diethyl carbonate was used. 

[0058] (Example 2) If it removed having changed heat treatment temperature into 300 degrees C 
from 500 degrees C, it carried out by the same approach as said example 1, and the lithium ion 
battery of a square shape was manufactured. 

[0059] (Example 3) If it removed having changed heat treatment temperature into 700 degrees C 
from 500 degrees C, it carried out by the same approach as said example 1, and the lithium ion 
battery of a square shape was manufactured. 

[0060] (Example 4) If it removed having used 5% of the weight of the aluminium nitrate solution 
which added and manufactured aluminum (N03)3 in water instead of aluminum-isopropoxide 
solution, it carried out by the same approach as said example 1. and the lithium ion battery of a 
square shape was manufactured. 

[0061] (Example 5) Instead of aluminum-isopropoxide solution, 5% of the weight of the aluminium 
nitrate solution which added and manufactured aluminum (N03)3 in water was used, if it removed 
having changed heat treatment temperature into 300 degrees C from 500 degrees C, it carried 
out by the same approach as said example 1, and the lithium ion battery of a square shape was 
manufactured. 

[0062] (Example 6) Instead of aluminum-isopropoxide solution. 5% of the weight of the aluminium 
nitrate solution which added and manufactured aluminum (N03)3 in water was used, if it removed 
having changed heat treatment temperature into 700 degrees C from 500 degrees C, it carried 
out by the same approach as said example 1, and the lithium ion battery of a square shape was 
manufactured. 

[0063] (Example 1 of contrast) If it removed having not coated LiCo02 powder with aluminum- 
isopropoxide solution, it carried out identically to said example 1, and the lithium ion battery of a 
square shape was manufactured. 

[0064] (Example 1 of a comparison) If mean particle diameter removed having used LiCo02 
powder which is 10 micrometers, it carried out identically to said example 1, and the lithium ion 
battery of a square shape was manufactured. 

[0065] (Example 2 of a comparison) If it removed having not coated LiCo02 powder with 
aluminum-isopropoxide solution, it carried out identically to said example 1 of a comparison, and 
the lithium ion battery of a square shape was manufactured. 

[0066] The SEM photograph of the positive active material manufactured by the approach of of 
said example 1 and example 1 of contrast was respectively shown in (a) of drawing 1 , and (b). 
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Moreover, the SEM photograph of the positive active material manufactured by the approach of 
said examples 1 and 2 of a comparison was respectively shown in (a) of drawing 2 , and (b). 
[0067] Charge and discharge were carried out for the lithium ion battery of the square shape 
manufactured by:the approach of said example 1 , the example 1 of contrast, and the examples 
1-2 of a comparison between 4.2V-2.75V. After all charge carried out the cell by which charge 
and discharge werre .degassed at the 0.2C-rate (rate) (formation) at the 0.2C-rate, the discharge 
property according discharge to C-rate change was measured as 0 r 5C, 1 C, and 2C. Drawing 3 
shows the measurement result of an example 1 and the example 1 of a comparison, and drawing 
4 shows the measurement result of an example 1 and the example 1 of contrast. By drawing 4 , 
discharge capacity converted the maximum discharge capacity of each cell to 100%, and showed 
it. 

[0068] As shown in drawing 3 , even if it is the positive active material with which LiCo02 was 
identically coated with aluminum-isopropoxide solution, and the aluminum oxide layer was formed 
in the front face, it turns out that discharge properties differ and it appears with the magnitude 
of used LiCo02. Since discharge voltage appears highly at high rate (1.0C and 2.0C) compared 
with the cell of the example 1 of a comparison by which the cell of the example 1 which used 
that whose magnitude of LiCo02 aggregated particle is 5 micrometers used the 10-micrometer 
thing, it turns out that the discharge property of the example 1 by this invention is superior to 
the example 1 of a comparison. 

[0069] Moreover, as shown in drawing 4 , even if it uses LiCo02 powder of the same magnitude, 
it turns out that the discharge property is excellent in high rate (1.0C and 2.0C) compared with 
the positive active material of the example 1 of contrast with which the aluminum oxide layer is 
not formed for the positive active material of an example 1 with which the aluminum oxide layer 
was formed. 

[0070] It turns out that the discharge voltage property is excellent from such a result, so that 
the magnitude of a lithium metallic oxide, for example, the particle of LiCo02, is small, and the 
discharge property is further superior to that to which coating of that by which coating of the 
oxide layer of a coating element is carried out to the front face is not carried out. 
[0071] (Example 7) If it removed having used 10% of the weight of the boron ethoxide solution 
instead of aluminurrHsopropoxide solution, it carried out by the same approach as said example 
1 , and the lithium ion battery of a square shape was manufactured. 

[0072] (Example 8) Instead of aluminum-isopropoxide solution, 10% of the weight of the boron 
ethoxide solution was used, if it removed having changed heat treatment temperature into 300 
degrees C from 500 degrees C, it carried out by the same approach as said example 1 , and the 
lithium ion battery of a square shape was manufactured. 

[0073] (Example 9) Instead of aluminum-isopropoxide solution, 10% of the weight of the boron 
ethoxide solution was used, if it removed having changed heat treatment temperature into 700 
degrees C from 500 degrees C, it carried out by the same approach as said example 1, and the 
lithium ion battery of a square shape was manufactured. 

[0074] Combustion, heat exposure, and a overcharge trial were carried out to 20 square shape 
lithium ion batteries of examples 7-9 and the example 1 of a comparison. The combustion test 
calculated the rate of a burst of a cell by having heated the cell by the burner, the heat 
exposure trial measured the time amount in which a cell explodes, when heat exposure of the 
cell was carried out in 150 degrees C, and the overcharge trial investigated the rate of a liquid 
spill, when a cell was overcharged to 1C. The result was indicated to the following table 1. 
[0075] 
[Table 1] 
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(Example 10) After the mean particle diameter of the aggregated particle in which mean particle 
diameter assembled and formed the primary particle which is 1-3 micrometers instead of LiCo02 
coated with 1% of the weight of the boron ethoxide solution 

Li1.03nickelO.69MnO.19CoO.1aluminumO.07Mg 0.07O2 which is 5 micrometers, the positive- 
active-material powder in which the boron oxide layer was formed by the same approach as said 
example 1 except for having heat-treated in 700 degrees C was manufactured. 
[0076] After measuring said positive-active-material powder, super P carbon electric conduction 
material, and a fluoride poly vinylidene binder with the mass ratio of 94:3:3, it melted to N-methyl 
pyrrolidone solvent and the positive-active-material slurry was manufactured. After hardening 
this slurry on aluminum-foil and drying, it pressed and the positive-electrode plate for coin cells 
was manufactured. 

[0077] The lithium metal was used as the manufactured positive-electrode plate and a counter 
electrode, and the coin type half cell was manufactured in the glove compartment purged by Ar. 
At this time, the electrolytic solution used the standard electrolytic solution of the mixed solvent 
(1:1 volume ratios) of ethylene carbonate and dimethyl carbonate in which 1MUPF6 was 
dissolved. 

[0078] (Example 11) After the mean particle diameter of the aggregated particle in which mean 
particle diameter assembled and formed the primary particle which is 1-3 micrometers instead of 
LiCo02 coated with 1% of the weight of the boron ethoxide solution LiNiO.9CoO.1Sr 0.002O2 
which is 5 micrometers, except for having heat-treated in 700 degrees C, the coin-type half cell 
was manufactured by the same approach as said example 10. 

[0079] (Example 12) After the mean particle diameter of the aggregated particle in which mean 
particle diameter assembled and formed the primary particle which is 1-3 micrometers instead of 
LiCo02 coated with 1% of the weight of the boron ethoxide solution except for having used LiMn 
204 which is 5 micrometers, except for having heat-treated in 700 degrees C, the coin-type half 
cell was manufactured by the same approach as said example 10. 

[0080] (Example 1 3) aluminum-isopropoxide solution which adds 5g aluminum-isopropoxide 
powder to 95g ethanol, and has 5% of the weight of concentration was manufactured (solution 
production process). 

[0081] LiCo02 5g powder was added in said aluminum-isopropoxide solution, it stirs for about 10 
minutes and coating of said aluminum-isopropoxide solution was made to be carried out to the 
front face of LiCo02 powder with an agitator equally, the mixer upper part — nitrogen gas — 
supplying — warming — the mixer exterior was made to circulate through water and the internal 
temperature of a mixer was maintained at 60 degrees C. Thus, the ethanol which poured in the 
manufactured mixture continuously for about 30 minutes, stirred nitrogen gas, and was used as a 
solvent is evaporated. Said dried powder was coated with aluminum oxide, and aluminum oxide 
layer obtained the powder formed in homogeneity (one-shot process). 

[0082] Said powder was heat-treated carrying out flowing of the dry air at the temperature of 
600 degrees C. It was begun by the screen to choose the heat-treated powder, the powder of 
fixed magnitude was collected, and the positive active material for lithium secondary batteries 
was manufactured. 

[0083] (Example 14) aluminum-isopropoxide solution which adds 1% of the weight of aluminum- 
isopropoxide powder to 99wt(s)% ethanol, and has 1% of the weight of concentration was 
manufactured. LiCoQ2 powder whose mean particle diameter is 10 micrometers was added in 
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said solution, and it fully mixed to said solution and extent to which LiCo02 can react. The 
solution was removed from said mixture, it dried in 100-degree C oven for 12 hours, and the 
positive active material for rechargeable batteries was manufactured. - 
[0084] (Example 3 of a comparison) The mean diameter manufactured the coin-type half cell by ~* * - 
the same approach as an example 7 except for having used LiCo02 powder by which is 10 
micrometers and coating is not carried out as positive active material. _rr~ 
[0085] (Example 4 of a comparison) The mean diameter manufactured the half cell by the same 
approach "as said example 7 except for having used Li1.03nickel0.69Mn0.19Co0.1aluminum0.07Mg 
0.07O2 by which is 10 micrometers and coating is not carried out as positive active material. 
[0086] (Example 5 of a comparison) The mean diameter manufactured the half cell by the same 
approach as said example 7 except for having used LiNi0.9Co0.1Sr 0.002O2 by which is 10 
micrometers and coating is not carried out as positive active material. 

[0087] (Example 6 of a comparison) The mean diameter manufactured the half cell by the same 
approach as said example 7 except for having used LiMn 204 by which is 20 micrometers and 
coating is not carried out as positive active material. 

[0088] It is C continuously to the coin cell manufactured by the approach of examples 7-12 and 
the examples 3-6 of a comparison to 0.1 C (one cycle), 0.2C (three cycles), 0.5C (ten cycles), and 
the order of 1C (six cycles). Changing a rate (rate), charge and discharge were carried out in 
[ electrical-potential-difference ] 4.3V-2.75V, and discharge capacity was measured. Among 
these, the capacitance characteristics by the cycle to the coin cell of an example 1 1 and the 
example 5 of a comparison were shown in drawing 5 . The cycle capacitance characteristics in 
which the coin cell of an example 1 1 was excellent compared with the example 5 of a 
comparison, and high discharge potential were shown like drawing 5 . 

[0089] The coin cell manufactured by the approach of said examples 7-12 and the examples 3-6 
of a comparison was charged to 4.3V. After disassembling the cell which charge completed in a 
glove compartment, only lOmg only of active materials of a plate was extracted, and they were 
used as a sample. The DSC (differential scanningcalorimetry) scan was carried out to 25 thru/or 
300 degrees C under the air ambient atmosphere the rate for 3-degree-C/using this sample, and 
the thermal stability of positive active material was measured. The DSC measurement result of 
the positive active material of an example 10 and the example 4 of a comparison is shown in 
drawing 6 . Drawing 7 is the drawing in which the DSC measurement result of the positive active 
material of an example 1 1 and the example 5 of a comparison was shown. 

[0090] After overcharging the coin cell manufactured by the approach of said examples 7-12 and 
the examples 3-6 of a comparison to 4.45V, it dissolved in the glove compartment, and only 
10mg only of active materials of a plate was extracted, and they were used as a sample. The 
DSC scan was carried out to 25 thru/or 300 degrees C under the air ambient atmosphere the 
rate for 3-degree-C/using this sample. The DSC measurement result of the positive active 
material of an example 10 and the example 4 of a comparison is shown in drawing 8 after 
overcharge. 

[0091] DSC analysis was carried out in order to check the thermal stability of the charged 
positive active material. Although the safety of a lithium secondary battery is generally advanced 
according to various mechanisms, the experiment made to penetrate with a nail especially in the 
state of charge is known as one of the most important safety experiments. Although there are 
things various as a factor which affects the safety of the cell charged at this time, it is known if 
a role with the important exothermic reaction by the reaction of the positive electrode charged 
especially and the electrolytic solution with which it sinks into this plate is played. After charging 
with fixed potential after manufacturing a coin cell by the approach of carrying out the 
comparative judgment of such a phenomenon, and making in the condition of Li1-xCo02, the 
propriety of safety can be judged based on the result of the exoergic temperature, the calorific 
value, and the exoergic curve which appear through the DSC measurement to the matter of this 
charge condition. 

[0092] If LiCo02 is explained for this as an example, LiCo02 comes to have the structure of 
Li1-xCo02 in the state of charge. Since the active material which has such structure is 
unstable, if the temperature inside a cell increases, the oxygen combined with cobalt will be 
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isolated from cobalt. The oxygen which separated has high possibility of sponsoring the 
opportunity to react with the electrolytic solution inside a cell and for a cell to explode. 
Therefore, oxygen decomposition temperature and the calorific value at that time can be said to 
be the important factor which shows the stability of a cell. --a-: 
[0093] Although the exothermic peak of the example 4 of a comparison appeared greatly at 
about 220 degrees C as shown in drawing 6 , the exoergic curve of an example 10 was 
horizontally near, and did not almost show an exothermic peak. It turns out that the positive 
active material of an example 1 0 shows that calorific value decreased far, and this excels far the 
positive active material of the example 4 of a comparison in the thermal stability of the positive 
active material by the invention in this application after this. Drawing 7 which showed the DSC 
measurement result of an example 1 1 and the example 5 of a comparison can also check such a 
result. Moreover, drawing 8 which it is as a result of DSC measurement shows after overcharge 
that the gap of the area of the exothermic peak of the example 4 of a comparison and an 
example 1 0 becomes still larger. 
[0094] 

[Effect of the Invention] As mentioned above, the discharge property which is [ the positive 
active material for lithium secondary batteries of this invention ] as small as less than 10 
micrometers, and the oxide layer of a coating element is formed in the front face, and was 
excellent is shown. [ of the mean particle diameter of the aggregated particle in which mean 
particle diameter assembled and formed the primary particle which is 1-3 micrometers ] Thus, 
when a discharge property improves, the cell which used the positive active material for lithium 
secondary batteries of this invention can demonstrate the outstanding power property by 
advance of a charge-and-discharge cycle, and when applying such a cell to an electronic 
product, it can increase a time. Moreover, the effectiveness which the positive active material 
for lithium secondary batteries of this invention has the particle dimension of the fixed range, 
and thermal stability carries out improvement in large including the oxide layer of a coating 
element on a front face, therefore has large effect on the improvement in safety by the cell 
system can be acquired. 



[Translation done.] 
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L1t^ l ] 
0] 

MM*3Ci 1] 



(itfjfEsSfCfc^T, 0. 95gxgl. 1, Ogyg £fcteC o T'ifc 9 , M' »*A 1 , Ni, Co, Cr, F 

0. 5, O^z^O. 5, 0<a^2T'fey, MfiN i 50 e, Mg, Sr, V, Sc, Y, La, Ce, Pr, N 



(3) 

3 

d, Pm, Sm, Eu, Gd, Tb, Dy ( Ho, E 
r, Tm, Yb> Lu, Ac. ThXtfP a *»P>4«» 
<t 9 mfo&hZ>-r>£k±.<D%mx-h 9 , M"_ I4A 1 , C 
r , Mn> F e, Mg, Sr. V, Sc. Y, La, C 

e, Pr, Nd, Pm, Sm, Eu, Gd, Tb, D 
y, Ho, Er, Tm, Yb, Lu, Ac, Th&Z/P 

fc5„ ) 10 
v^7c*aiOjg^{40. 1M5 0fi4%-C&5, It* 

'yfTtmunfem-z 1 75^2 oa*%T-fo5, ts*s8 
i o ] mm^mxm^nt. it\-tmm%m 

30OM8O0 1M15 «fWH16 

1" 5 , 6 Kieit© y x * A-#®fefflIEffigi|&Sr 20 

Kt#mi] mt^-y-A^^umt^f^M^ 

sse^K©Mit*ffio 
[oooil 

[0002] 

[ft*©SEffi] V?*>J>-&nM\**!mto\z])?9J>,J 

[0003] y f- v J*-Kwt&<r>&m&mm.h lxi* y 40 
*©ftSto**>*fc«> y A&*©ftb 9 ci^ak^x 

h (BOC) T-SSitLTV>5„ 

[0 0 0 4] 

^^yt^ Kft^Wffl^fjtitfcD. -Er©#li LTL 50 
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iCoCi! , ,L iMn: Oa , L i N i C- 2 , LiNi 
■ -. Co, Oj (0<x<1) , L iMnO: &£*©}g 
&&imi>m9t £ *vO ^$ . mfffilE^ig^e© 5 *> L i 
Mni-O,", LiMnOi ££*©Mn ?KIE1lSfeffl±^ 

ti t v *© tiBtj © $> 5 VugX-lthZ UK ®Atf'J>?£ 
v^v^ffiJrSrtfoTV^. L i Co0 2 ti&$?ft«M 

5. LiNio, teitfriST IS LfcjEHefeg© 5 *>S 

[0 0 0 5] ^(D^XWimmWt UTttL i Co0 2 
#±fcflJV*e>;h.-C*J!K *j5Sony*±-CAl s o, £ 
ttl»S5m*%K-tr^LfcL i Co... Al, 
0 2 SrRKBU A&TBttT'liSnO, trK— tff^L 
fcLiCoO ! fclMBL-fc. 

[0006] ffiSUfcXratttCimtTttlASfrfc 

izzitv *>w,m,s v ft j±4 
mm.RxfVi-vj>.7i!!)-7-nmztim-rz>zbfrX'Z 
5. })^tJ*j*>-m.mtts<i'~<?bLx&iL&#v 

zfu t" y ac^ u y7 w /i-A Zfem u ®$? ft t 

mzwmt uT^?wts io 2 *if«t:7 5"ffc^y f= 

t©2r^ML, ^©m^S^ir/NV-^w^Sijfc-t-iro 

^ !> a jk y T-^&(4mi»it t isXWfrft 

[0 0 0 7] MIS«J5fe©y^l7A-^ll>te©^|it LT 

^■^•u^^-^mm^mtLxmrn-rtni. jes, a 
'V5/HB©««»«Bftu w©««i¥^Rigi^m?a 

-^(CAnTKitLfc«?&^s5. <7--^©*t® 
^-^jjs^^-z^fcliA 1 ©*vvKT?«ifi£iifcfc© 

it^T»<, sfe«/i«fit*-*-5«i!i4r#5. 
[0 0 0 8] r©J:54y^f A-ft«fttt*af«-?« 
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[0009] *&Wl*.ffiftLtzmM& : kM&:i-Ztc*><D 

[0 0 1 0J #$&BJ©tt©gl$f2, wmV^V^-ftm. 
[0 0 11] 10 

^ 1 (i.mKil 0 // m*«<D-&*i^*^-f 5 y 
<b£*«r£tr=»7\ XtW»E=»r±lc=i— 

^-f^7G*«:£tf*lWbfc» ^v-t Kn*s/K (ox 
yhydroxide) , jr^r'yjj— h (oxycarbonate) , 
t Kn+->*- ztf;^— h (hydroxycarbonate) ^fcliC 

[0 0 12] ^MttlMrffiEfiBSHfeJtoiSfcfirife 

wf--em&x btixm&.ztizw-it3im& 1 ^ m j^± 1 

0 u mmMXh%~&ML=f-$:^[-fZ> y ^.Mbg^S:, 
Z2 ~~ : T 4 ypTiMWk (coating-element source) £-atf 

*Sr««1-5. 30 
[0 0 13] 

L 1 xMn i- T M* y A* 
L i«Mni-,M* ,Ot-,X. 
L i xMnzO^-tAi 
L i ,Mn 2 - r M' y A4 
L i ,M.-,M" r A, 
L1.MO.-.A, 
L i xN i i-yCoyOs-.A. 
L I xN i ■-,-.Co,M" „A„ 
L i xN i ,-,-CoyXf" .Oa 
Li.Ni i-,-xMn y M' ,A. 
L i ,N i i- r .,Mn,M' «0 2 



* [ o o l 4 ] *369jo y f - * a -ftm^fflEHS^WJi 

• - SK»T5i#l,TJft*£*U ¥*Stft*# l n m«± 1 0 y mjfc 

a owe ^ 7±.\zm& £thtz=>-y-4>- ?7tm z^&m 

fa tti/t h*f*i/h\ K t Kn 

[0 0 15] ^H©EttfiHW© = 7«:*riM-5y?- 
VMt&mt.¥-Xm$ift 1 3 m mffc5-oa±c 

-fttt^-caarr e>*i-c* 5 , wtt** 1 ^ m«± 1 
o ix mXffixhz-frtiL+X'mi&tstiZo *mmw\z.}s 

»^f4^o6t±©-aC|ttiF-aJ|a3Sc-ce>ttfcH*9 (mas 
s) ©rt^f 5„ 
[0016] *:%KC0jESSfe«T'f4, -&&^<D¥*S 
^*^li*£^E?fcfift<, -^^©¥*&K«* 
^MB-efci. l P mJ:9/J^ 
^t©Srttffli-5»^KU4, L i + ©E£ar«fclHH«: 

iStCft^jg^fe (3,10*/ m«±T-S>5 t><DliiijS£ 
&#T-&*#ttdSjS< 45«*5J)oTffJ L< ft 

[ooi7] rnmv^tMt'&fat LTttTiaofb^: 
imi i^p>ft6»«t9ii^$n5-o^±©'(t:-a-^ 

Sr$f£L<fflv>5r 5„ t\ftbit£fav>oh\) 

*A-a W K, y^-!>A-=.y^r/l/*^3^^ K* 

fcfi y ^ <7 i» - =. ^/u- t /p= y-^-f Kfc-g- 

[0 0 18] 

Hb3] 

-X. [<b#3C9J 

-Xo [fl:*3Cii] 



(SWESCfr*5V^, 0. 95^x^1. 1, O^yg 
0. 5, OSzgO. 5, 0<a^2T*fct) > MI4N i 
tfcliC oT'fct), M' Ni, Co, Cr, F 

e, Mg> Sr, V, Sc, Y, La, Ce, Pr, N 
d, Pm, Sm, Eu, Gd, Tb, Dy, Ho, E 
r, Tm, Yb, Lu, Ac, T h&T/P a *»e>ft5i¥ 50 



±0»fc£ft$-o£l±©pc*-C*>9, M" (4A1, C 
r, Mn, Fe, Mg, Sr, V, Sc, Y, La, C 
e, Pr, Nd, Pm, Sm, Eu, Gd, Tb, D 
y, Ho, Er, Tm, Yb, Lu, Ac, ThRtfP 
ad»e>ft5P«t9iW!S4l5— oet±07c3l.-e*)9. A 
ISO, F, S&tfPi>f>ft5»J:9a*?Six57c«T*> 



hz>o ) 

o, K, Na, Ca, Si, Ti> V, Ga, Ge, 
B, AsXVZr36»e>J!tS»J:9W?Sii57E*-C*>* 

[0 0 19] BulE-oRh^ffi&SgftcDa-TV^ 
^7C*©£*ttjHIBtt»C#LT 2 X 1 0 "* JbM 1 
L < , 0 . 0 0 1 753s 1 fi»%T* 

[0020] ^no:&i&mtt^aua»*n< , $g 
[0021] *mi(o-mmM\z£z>b, m^T&y 

B&SgliA 1 2 O a -efc-5. 

[0022] &.t. ttmnjEmsmntow&m&tt 

[0 0 2 3] ])?VMt^*a~T4>yymUfr& 
[0024] 15153 -x^ ^^H&£trfttt&fttt 

mtvu&i&mi-z r t #t-# So en******* 

(OH) i , Bj Os , H 

[002 5] mris^-T 1 ^ ^^a?«o»it^caffl 

Mg> A 1 , Co, K, Na, Ca, Si, Ti, V, 
Sn, Ge, Ga, B, A s SfcttZ r ^feS. 
[0 0 2 6] ffj|5=i— T4>#W®.<D?h^~- T-J^"? 

[00 2 7] HBa-f-f >^5u*Sr^tf*»»»©ft 
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.^drtT /uzt-Mzmmzitz tizmmLxmmLtz *> , 

-T-f V'^TcSROT/Ua*^ K»«©Wi: LT, S i T 
h->y h (tetraethylorthosilicate : TEOS) ^ 

[0 0 2 8] mt^-7~4y>fm®.<r>bt>^-7-<<i'>f 

LTIi^Tv^^T^^A (NH< (VO 
3 ) ) <D£ Sft/^ri'S'.&lfefi, mk'^-tWJ* (Vt 

[0 0 2 9] ^-TM^&iST-a-TVV^TcmoS 

Stt^ra^* o . i nm 5 0 s*%t*$> 

20 9, £ L< H1753* 2 0m*%-CfeS„ fi5IE=i 

^ >-^7c^ogs^ 0 . 1 ss% i t> «tt*ui«wa 

>^fKT*y ^£.Mfc;-£-4£i£r=— f W >-^1"S 
%Sr«xS t =»-7V >-^©J»$dS*j4 !J (cff< /£ t) 
[0 0 3 0] d©J:5«cW»$ti,3t3-7--f 

•?m&.xhtixjeiiL&tiz>wmi&# 1 *« m^±i 0 » 

30 -rv^-rso 

[0031] mmv ^VM^mt-^skhcD-wgL* 

ZSttc mffi~ft.$L*<7)¥.t$ltt.mt 1 u m£l± 10 am 
XffiXh <0 , WET^^ tt¥*W5Eg* 1 3 m m-C 

[0 0 3 2] MIE = -xw>-^j4t LTfi^/<y^y 
CVD (Chemical Vapor Deposition) ft, x 

40 3— x^V^££ffl^3©as£r*U\, mTl2x^ 5-7*= 

ft (»iaa**xa) , ^a^iS2oo c cw^T* 17531 
;js-e#5. 

50 [0 0 3 3] £fcli, lUIS^-x^ V/IS?:S^I 



Z>— TcitXM (one-shot process) X'Mt&'t : b t i>X 
[0 0 3 4] ^-5nflOS*J:08L<BW!-J-5*, 

[0035] im=i-Tj^ytmbimv^<>j±it& 

Itt&D^-frS,, Sfc, V9y*s*sy (flushing) #*&llfr 

[oo3 6] mmm&mt Lxttv^-^Mt^t^- 
[oo3 7] awEa^«rt-e, WE!>7-*.Mi:a*tt=a 

-x-f >^f£T*^— 7V>;/$ti, ^ofc=>-r^> 

[0038] me-sfcietrsaart-s t , st^is* 

[0 0 3 9] >i/^f$^3-^^ ^?£hft D 

f!)Aft-&fe&*Sr3 0 0M8 0 0TCT5M1 5B# 

:/ (flowing) -f--5^f [ f : TT-^frr5ro^»*L.V\ d 

<om. mmum&3 0 ot ± vGtttui'fx-isfBmm 

tf&tix^z^-T-j^irtmtfLZiritti^fiLib* y^? 
mmmmt^so oxzxvm-ttitiL iiiciot, 

[0040] ffim&MmTMX'Msd.^—T -r wmm 
^—Tj^fTm^mitrnzmtLx, w-*m&&i 

JbWZvL mXhZ-'3Sl±<D-#.1liL¥X*m£Xt } tlXM 
1 fi m«± 1 0 /1 m&mX'hZ - 

[0 04 1] S4*ff©*ffiKU^jaSixfcSfB«yHJiHt, 
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3fELfc5^t£-gti> 0 ^Jxfi. LiCo0 2 S-T/P?^ 

[0042] Hiji2=>-r ^ ^^xt^waaxstt-oei 

Sr&tf f? 1 fc »±7k^KT- I&^-tV^L 

^tf * 2 mmtmt tut^mmx 2 ^ ut 
[0043] #35 wetefli Lfc y £ a<( bg-ftttffiSft 

1 0 0 4 4 ] nc y A^^o^^jsfefiftoa 

-CfcS. *f y^!!>A^S.t^te07c;^^Sr9fM©ai[ 

[0 0 4 5] Wta-^^V-^t LTttSP^-v^V, - 
- y **1£k^>tfl^&&tfcfrniXiKf8t£ltXMm£ 
ti$M&kLXiiMiki->tf>, mtV 5 L ^A/ < c^:'^^^ 

Srtas-C-t-S, ffiflEy Vlgt UTJiH 3 PO, SrfflV^ 
50 [004 6] ^xtf, 
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[0 0 4 7] »?>ixfciS^»S:tt4 0 0^S6 0 0'C© 

a«-c 1 5 i^m-ftiM&a Lxm&&mm<» y 

[0048] mt>titzm%i&&mmitB%:z 7oo»s 
900 t:ojaftt?#b i o nm. 1 5 mra 2 ^^a-r 
2 ftiftiiaiiji 7ootit) firtmfl&AttftftWg 
fife $ ftgtv ^Hjkris h MIE^axSii^sm^ 

[0 0 4 9] SSig$nfcy^!J'A{k-g-^©t&*S: 

[0050] Bul5*feT*Mig Lit y 7 Aft^feft*© 

ft-S^*l^4TfeilT3p*&tt*^ 1 n mU± 1 0 ^ 

[005 1] &{C, #«93wm&CDfcJt>»C#£ USfctt 
W*a*r5. L*>U TE©2QMW±#SMi«rJ:?>* 30 

[0 0 5 2] 

[3»J] (%ttM l ) A 1 —4 y7u#*is K&3fc£ 

[0053] w-mmtf i ~ 3 u mxh^-^n^m. 

&XXM& L1tZ&ft.*<DW®tm& 5 ix mffc5 L i 
CoO^SlO 0 gSrS5fBA 1 -- f yyntf* > Kjg 

A 1 -^yyn^->KWL iCoO! &*©Sjffi 

it $ ftfc7 7 y 3 0 ^W^feg LT * 7 y - k A 1 

is K»ttSrBfe* LT, 7. 7 V -OZ-ZmmMiFiz 

[0054] nwapT? 3 x:/tt<Dmm&x%L%k£.m.$: 

5 0 0"C^V>T1 O^iML 
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[0 0 5 5] «JS$nfcjEffiS«jri:^-/<-P*-Jj? 

ymVM&xfy ?{t# y f=y 7 9 4 : 

3:3©fi*ifrT?tH;Ufc«K N-^f/Hfo!) K>S1 
£«an L-CJEl»S4Mt* 7 y -&©it Lfc, r ©7 7 y 

[00 5 6] A^gfe® t LtMC F (mesocarbon fib 
er) 7s"fk#y t'=.y^>-/<^^y-^9 6:405 

AHffi£5«* 7 y - 4r«JS Lfc„ £ ©AMg^ 7 y 

-zcu-*j/u±.\z®ibx$miL-?tm. 7u><yyL 
xfkmm&zw&Lito 

[0057] tmEfflm&Tjfamm&zmR Lxm% 
<Dj3&X'-%m<o])'7-tAj*yum.zmmLtz e ^<o 

%MWk UTJiiM L i pf« itfeteZtilt^?- 

[00 5 8] (H160IJ2) ?U$yii&&£r5 0 0t^?>3 
0 OT^M Lfc£ i: *(fcv*TttlWB3aM»l 1 fcl§J«fc 
*feT'*ifi LXAM<0 y ^ ?A^ ^-vm?te^§Sat Lfc. 

[0059] (mmw3) m&mmt*5 o ot:^p>7 
xmxnm. lx^m<d y a-t ^-^«?&?:®!Jt tfc„ 

[0060] (HJS0II4) A 1 — -TV 7" p K*gi£ 
Ofty(CAl (NO, ) , £*lc8s*QLT®iiiLfc5j[ 

m&mMm 1 1 ra«ft*jfe-^afc lxmm<d v^-vaj 

[006U (Hig^|5) a 1 -^yrp^>n(« 

tDftOIC, Al (NOi ) , Sr*(C^nLTS!tigLfc5 
5 0 0 3 0 CCJcggJEUfcr t ^V^TIiHufEU 

ififfii 1 1 mmttmxMffi lx&b<d v f- v ^ 

[0062] (Mm<l6) A 1 — i y 7 P C/j\^r"> K^ffi 
OftOt^ Al (NO, ) 3 S:*caS!ipUT«Jfttfc5 

5 0 0t*>6 7 0 OtJfcfcJELfci £&(fcV^TtttfflB|* 

Jfe^j 1 1 isj«**-fe-eni6 Lxnmo y 7 a-c ^-v® 

[0 06 3] (*fflg0ij 1 ) A 1 —4 Vfuif^y YWfa 

V^-C(4lulElllg0iJ 1 t R— fC*tSLT«^0 y 7^7 A-f 

[0 064] (JtKWl) ^piSttSifl O^mT'fcSL 
iCoOj Lfcr t SrSS5V^Ttt*frlEIQfifi»J 1 

k p-fcujs ut^f© y 5=- y a-t ^-vm?&$rKiS l 

[0 06 5] (Jt«0ij2) A 1 -4 y7*n*K*v'K®iK 
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^THtflWBJttfcfli i tm— iz.m&LxAmwi'T-pj-'f *^<xmm a. ocrx/2. oo xwcw$&#&tix 

[0066] HufE^ig^J 1 t^MMl ^fe-C«^JX [00 70] Z<D£ o ft*^^ V??J»&m®ik 

TclEmmVvWVSEM^nZmKD (a) Bm<(b) Id ittfLiCoO, Ott-T^^tS^/hSVMiiftt 

#*^Lfc 0 HUlEitl«Efi9JlSU J 2(D^)4T-Sit$ WtE«rtt#«XT*5 1) , *ififc=i~ TJ^?yc%<D& 

ft£IEllS^Sr©SEM¥X£El2© (a) (b) imm^-TJ ^^ftTV^ tcD^^-x^f 

[oo67] mzmnm i > ^arm i Rxmnstm i ~ 2 #a»*. 

^mxm&^fitc-nm^v^^^^m^A. 2 [0071] oatm) Ai-^y7"Dfr>F^ 

V~ 2 . 7 5 V © W-C*tSrtt SrSOt Lfc„ Ifflms., 10 ©ft t) C 1 0 S*%©* h * y KSSK^rffiffl Lfc 

0. 2C-iiA (rate) "CftfiK (formation) CI £ £|^TIiHijfEH160!l 1 t BW4*«feTia6LTA 

0. 5C, lCXV2CfcLTC-a«*ft:^J:S*Mt [00 72] (&ffiftl8) Al-^fy^^KM 

4Wfe«:M£Lfc. BSOJUtifli tifct&tfill©^*^ ©f^K, 1 0fi*%©^!7*aih^->K^?rffiffl 

u a 4 itmmm 1 1 smbm i ©anas***-**. u iRmsiesr 5 0 0 "ca* e> 3 0 0 ti^s tyt c t 

[0 0 6 8] @3{C^Lfci5^, |^-|CA1 — 4Vf [0 0 7 3] (*j6g^9) A 1 — < V?uX*i/ 

D^VK^ffiSrLiCoO! i:a-f^y^UtI coft(?(c, 1 02S%©*!73f^ h=*-> hW&i&M 

lzT;V$-?J*m\&J§&te&£hiZjEmfSy>>gXh<> 20 U Hftfeg^fc 5 0 0ti>t.7 OOtl^HLfcdt 

Tfc, ^LfcL i C0O2 O^tSlcioTartWMt *Ifcv*TlilJWBSa6m £ BWKe*ife-CKB» LT3JB5© 

©*#£^5//mT-fc5t©£&fflLfc||;&m©m?& [0 0 7 4] HJICT 7 ~ 9 St/itU^J 1 ©3)£y 

( i . o csi^ 2 . o o -cttwtEEtfas < arts Lfc„ x-w&mam Lxmnxo®.® 

**WJ-J:*»6«!ll©ik«#H4iSifctt0yi *«rfr»U *MB(tittl*f± 1 5 0 , CK::J8VvC*Jfi«IMI 

[oo6 9] *fc, H4tc^Lfcj;5»-> i5]e*#$© i az&ftmt zm&mmm&m&irit. 

L iCoO, »*SrttfflLfcib-CbT^5 = »>AiMb ©1S**TIB©* 1 Ut. 

*Ji^»*Silfciat«l©jEaHS4Mf*ST/U5 = 9A 30 [0 0 7 5] 







^7 




^SSW9 




9 0% 


0% 


0% 


0% 


mm 


1 1# 


1 5» 


l 2» 


2 0# 


1 CaS^m»«^ 


100% 


1 0% 


3 0% 


0% 



mMW 10) L i CoOj ©ft*? 5 (c^pili^tg^s i ~ 
'5 |uniT"i)5L i i. ») N i o. o Mn 

0.18 C O 0. 1 A 1 0. 07 Mg0.07 Oi 1 

7 o oxiic^^xmmmLtz^ tzm^xmrnnrnmi 

[00 7 6] rnmiEm%iVoK%tt. *-'<-p#-#> 
mmtfRTf? yittf V f = y fy/^ V^-^ 9 4:3: 50 



3©Jt*JtT?tr*Lfc« % N-y^/Hfn!) K^iilC 
SrA 1 -S±{c@*T®!tLfcm> 7°U->^^LT="f 

[0 0 7 7] w&ztiizjEfflBmbumbLxynrj* 

-C-=3-T V^-f ^©*«»Sr»J6Lfc. - ©NF»??f«l4 1 
MLiPF, ^^^ix/c^^w^^-^-hirv 5 ^ 
h©«g^^ (1 : lftCfcJt) ©^*« 
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[0078] m&mi i) l i coo; eoftbflfcsp 

J&ffi&# 1 ~ 3 u mffc5-ikftf?r|iiTTW Lfc 
-*&*C>¥mm&.5~v.mVkZ-L4im%i:-, Co 

o. i S r o. oo 2 O: £ 1 fi#%<©5fCM>^3: hdf-> 

Lfc r <t ^TMfEHJ60iJ 1 0 t mm^mx^^ > 
[0 0 7 9] (H^Jl 2) L i CoO, <Dftt><0\z¥. 

mmm- 1 ~ 3 » mvhz-&.n*zm£xxi&i$. Lit 

5 a mffeS LiMn; O, 
ffi Lfc w t &m^X 1 ?Sfa. h YW&.X 

^—'r-CyfLtz^ 7 0 0t:iCfc'V>T^aLfcr t 

^^TWi5*ffi0ij i o t mmtezmx*^ ■< ^- * << ■? 

[0080] (HJfe^Jl 3) 5 g©A 1 — fy/D^ 
> 95gi^; -Mzma LT 5 fii;%©2gg 

A 1 -4 VzTvi?,*>s YWfo-kmk ttz 

[0 0 8 1] 5g©L i CoOi *&*^mil2Al -- : TV 

T'n K^icgsto lt, a^i-c-^ i o 

S-tfTMIEAl -^yyn^v'K^^L iCoO, 
£-*l±gi5<C^f#;*£r&AL. #Di&*£r*l£-$ifl-}Si5.c|f 

S^-frT^awrtSPig^^eo^^Lfc. r©<t 
5 {-SaiS^tvfcjl^?riKj3 O^ftl^^lc^^^ 

&At-ctt#u mmt Lxfemztitc^? ;-;u%m 
rnzitz, m^m^iritBm^A i mimx=>-^^ 

V^LT, A 1 Iftil^^-Cffilc Jntt9*5rf fc 
(one-shotlgD o 

[008 2] msffitt 6 0 0X:(Dm&X§t®L£%.&7 

xm v m lt-£o*# $ (DV&itmk l y ^ * a 

[0 0 8 3] (Ht60i.ll 4) llt%OA 1 — TVT'n 
K$*£t 9 9 w t / -McWiM LT 1 S 

*%©^Sr ; fi"i-2>A 1 --f V7°ui$.*t*y YmfcikWfe. 
Lfc„ mfflS^tC^^^S 10/i mffeS L i C o O 

j ffittmaL. wmt®&tL i coo 2 AJg^xt 5 

gflf Lfc. «MEja^**>fe»ttSrliSacl^ 

1 0 0 tw*-;/ 1 2 i^raiasi lt -frmMmjEm 

[0084] (Jt|fc«3) W-mmtf 1 0 iii m-eti 9 =■ 
— -TV^^ftTV^l^L i CoO* ^StM^SC 

t Lxm^itz tzm^xmm&n tmm^mx^-c 

[008 5] (ttmm4) Wmt&i* l 0 n mXh 9 = 
— ^^ttTV&V^L i ,. 03 N i o. e » Mn 

o.i9 Coo. i A 1 o. 07 Mgo. 07 Oz SrIE 

^S^fli LTfflV^rtSr^^THtnEHJfe^7i:P^ 
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[008 6] (ItmmS) ¥-i%$Lm>l 0 umXh*)=i 
~7~ 4 "sif c?tvTV>&V>L i N i o. 9 Coo. ■ Sr 
o.oo 2 0 2 JliSftli LTfflWcCl ttrBfeVT 
Ht)l2*ifeW7 il^#ft;o1£T^S^£§££Lfc 0 

[0087] at®m6) w-mmfc2o nmxhv=* 

—7-4 y?£tlX\<^^L i Mn: 04 ZlEmfetoWt 

Lxm^tzz t zm^xmmmmm 7 1 mm*%&x* 

[0088] mmm7^i 2 Rxj^it^m 3-6 <D^mx 
10 mm£t%tz^-(^nmc#LxmwEft\zo. ic a* 

» 0. 2C Oif-O/l') , 0. 5C (1 Of 
JfiM RtflC (6^^/P) (IldC ig£ (rate) 
£r£te£-fr&;es<b4. 3V~2. 75VO®E^HT^ 

Lxi&m®mzmfe Lfc 0 cop *,Hig0ij 1 
mMfrit&m 5 icjt-<Tsn/t ^ ^mmm®. t m\, * 

[0 0 8 9] J|fifE3!]iS0S7~l 2RTftt$zm3~6 0j3 

20 &xmmtsixtz=-<i^mmz4. 3v*T^sLfc„ % 

^.&g.TLtzmMZya--77$y?XXM&Ltz&. m 

fovjgyumziiziomgm&Lximt Lxm^^tz, 
w (Dpmzmm lt 3 t c/^oii^T^#H^TT' 2 

5 3 0 0 TCSTD S C (differential scanningcal 
orimetry) X** ^LTiEfiie^O^^ttSraiJS 
L)t„ HJStfil 10t ittSstfiJ 4 OHlS^l^OD S C9J5t 

^fiiii6jc*$tvTv^. E7«nis0iji 1 tttmm 

5 ©BSS^KcOD S C9J3t^?r^ LfcHSTfeS. 
[0 0 9 0] SiII2HiS^j7~l 2Xt^Jt$S;«Sj3~6©*- 
30 feTSgit^Hfc=-r^«m5:4. 4 5 V£Ti!35mLfc 
^o-^y^^T^frLT^cD^K/fttSrl 
OmgaLTWirtTffl^t. dcD^!|s|-Sr?fJffiLT 
3t:/^coit^T^#H^TT2 5 75^3 0 0"C*T* 
DSW^^Lfc. El 8 iatffiftM<D& s Hlg^illO 

t imm 4 (DiEmmvomzM-rz d s cao^m*^ l 

TV^5 0 

[00 9 1] D S C #mtft& $ ttfclE^^^W^ 
^«*«6ffi1-5fc«)^||JSL>t„ -^,cyfr>A-»: 
mM<D&±& XS&Wii * 13 = {c i o TiS» hn 5 
40 #t3£m^T^IT-l-ii$-B:5ll^5*tfiS^ 
±tt$i©-oi LT^O^ilTV^o CW^®$^7t 

zt\ mz3En£tLtzjEmti\<nmm^m£ftx\,^ 
m,Mm<vRfaz±z%mfcfctfmwte®Mz%tzi-k%i 

^mmiMikLtz^ -fecom&xftmLXL i ... 
coo. <D^m^woizWi, zv>ftmvtm<DyomzM-r 

iO T*t 
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5H050 AA02 AA07 BA15 CA07 CB07 
EA08 EA11 EA24 GA02 GA10 
GA22 HA01 HA02 HA05 HA10 
HAH HA20 



